Introduction
Zika virus (ZIKV) is an arthropod-borne virus in the genus Flavivirus and the family Flaviviridae. ZIKV is most closely related to the Spondweni virus and other mosquito-borne viruses, such as dengue (DENV), yellow fever (YFV), West Nile (WNV), Japanese encephalitis, and chikungunya virus (CHIKV).
1 ZIKV was first isolated in a Rhesus monkey that was used as a sentinel animal for yellow fever research in the Zika forest of Uganda. The second time the virus was isolated took place in early 1948 and involved an Aedes africanus mosquito in the same forest 2 . The first case of ZIKV isolation in humans occurred in 1954 during an epidemic of jaundice in Nigeria. 3 According to the phylogenetic and geographical analysis, ZIKV can be categorized into three lineages, the East Africa lineage, the West Africa lineage, and the Asia lineage. 4 The introduction of ZIKV from Uganda to West Africa and Malaysia may have occurred in the 1940s. 5 Although Zika virus has been introduced across a wide geographical range, only sporadic cases of human infection have been reported in Africa (e.g., Senegal 6, 7 , Sierra Leone 8 , Gabon 9, 10 , Central African , Aedes albopictus 42 and Aedes hensilli. 43 The enzootic cycle of ZIKV and the broad range of hosts may facilitate recombination of ZIKV strains. Aedes africanus was the first species that was described as a vector for ZIKV; it has a wide dispersion among many animal species. 5 The main vectors in Asia were reported to be Aedes albopictus and Aedes aegypti; these species are widespread in tropical and subtropical regions. In addition, these species have a large presence in urban areas. In Europe, Aedes albopictus presents a major threat to public health. 44 It is considered to be one of the most invasive mosquito species in the world; it is widely distributed in 20 European countries, particularly in the Mediterranean region. In Brazil, an where outbreak began in May 2015, both Aedes albopictus and Aedes aegypti are widely distributed. 45 Although
Aedes hensilli and Aedes polynesiensis are the predominant species in the Federated States of Micronesia and French Polynesia, respectively, no direct evidence has been presented that they were associated with outbreaks; however, it is plausible that these species are vectors for ZIKV transmission.
Once the mosquitos take a blood meal from an affected host, the virus is transmitted from the midgut to salivary gland. The infection rate, dissemination rate and transmission rate can be determined by the fraction of the mosquitos with infected midguts, by the number of infected salivary glands over the total number of mosquitos with infected midguts, and by the number of positive infected salivary glands over the number of infected salivary glands, respectively. 42 When mosquitos take a blood meal from a human, transmission through skin immune cells, including dermal fibroblasts, epidermal keratinocytes, and
immature dendritic cells has been demonstrated. 46 Symptoms associated with Zika virus infection appear after an incubation period of a few days. The clinical symptoms associated with Zika virus infection include arthralgia, myalgia, headache, retro-orbital pain, conjunctivitis, cutaneous maculopapular rash, edema, and mild fever; severe fever has also been reported (>39 。 C) 23, 34, 47 . 23, 34, 47 Some patients have also described symptoms such as malaise, anorexia, vomiting, diarrhea, and nausea. 48 Most patients recover after one or two weeks; however, arthralgia can last for one month. 47 Although all of the symptoms mentioned above have been reported, a great portion of cases of infection are asymptomatic, which can lead to underdiagnosis and underreporting. ZIKV infection can be complicated by a neurological disorder, Guillain-Barré syndrome (GBS); this phenomenon was reported in French Polynesia. 49 Also, leukopenia and thrombocytopenia may be noted in laboratory measurements. 50 In addition to the human infections, infections of non-human primates, water buffalo, elephants, goats, hippos, impala, kongoni, lions, sheep, wildebeest, zebras, and rodents have been reported 15, [51] [52] [53] . The symptoms associated with infection of various animals need further investigation.
Although the route of transmission is through mosquito bite, transmission of the Zika virus through perinatal transmission 54 , sexual intercourse 47, 55 and blood transfusion 56 ; however, the cross-reactivity and synergy between viruses is unknown and requires additional study.
Due to the recent outbreak of the ZIKV in multiple areas and the absence of specific antiviral therapy, a rapid and accurate characterization method for ZIKV is needed, particularly for regions that are undergoing outbreaks; a map of affected regions is shown in Figure 1 . 60 23 Alternatively, ZIKV can be detected by indirect IFA using specific hyperimmune mouse ascitic fluid. A secondary antibody that binds to the primary antibody and causes an amplification of the signal can be used to provide enhanced sensitivity. It should be noted that low titers of IgG or IgM antibodies may be present during the early phase of infection. 63 IgM antibodies may be found three days after the disease onset; IgG antibodies may be present in serum during the convalescent phase 48 . In addition, PRNT and indirect IFA may also show cross reactivity associated with various flaviviruses 1 .
Molecular confirmation
Since its development, polymerase chain reaction (PCR) became a major tool for viral characterization.
For ZIKV, reverse transcription PCR (RTPCR) can be performed to generate cDNA from RNA. RTPCR can be categorized into traditional RTPCR, real time RTPCR (quantitative), pan flavivirus RTPCR, and nested RTPCR. Full length sequences of ZIKV MR766 35 and ZIKA EC 2007 were published in GenBank; these sequences were isolated from rhesus monkey in the Zika forest in 1947 and from an outbreak on Yap Island, respectively. The MR766 strain was most commonly used for RTPCR; it is commonly compared with other strains since it was first isolated strain of ZIKV. For reverse transcription, the envelope or NS5 region are used as the target for primers. The primer is designed to be the counterpart to the nucleotides of the target segment. RNA is extracted from ZIKV, most commonly via the QIAamp viral RNA kit by means of centrifugation or a vacuum procedure. Viral RNA is then separated out using a QIAamp silica membrane. The mixture of ZIKV, primers, reverse transcriptase, DNA polymerase and buffer solution is added to the test tube and subject to thermocycling. The reverse transcriptase and DNA polymerase provide reverse transcription and DNA amplification functionalities, respectively. The amplicon size is determined by the forward primer and reverse primer. Rapid amplification of cDNA ends (RACE) kits, with a reverse primer for 5'-RACE and forward primer for 3'-RACE, can be used for amplification. Deoxynucleotide and buffer can be added for tailing to form a poly-nucleotide primer. 35 The RTPCR products can be analyzed using agarose gel electrophoresis. The pore size and strength of agarose gel make it an appropriate medium for DNA analysis. After applying voltage to the agarose gel, the nucleic acid migrates, with the velocity of migration being inversely proportional to the number of base pairs. The result can be visualized using colored dyes. ZIKV identification with a 364bp amplicon is shown in Fig. 3 
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. Many groups utilize a one-step RTPCR approach, which is suitable for a rapid diagnosis and is associated with less contamination than the two-step RTPCR approach.
Real time RTPCR (or quantitative RTPCR) was considered to be the most powerful tool for molecular confirmation due to its high sensitivity and capability for quantitative analysis. Table 2 . 1 In contrast, traditional RTPCR is an end-point study that does not provide information during the process.
A pan flavivirus RTPCR or nested RTPCR may sometimes be utilized. Pan flavivirus RTPCR is performed with a degenerate primer. This degenerate primer can detect a range of flaviviruses; the notable trade-off in this approach is the loss of sensitivity. Nested RTPCR requires an outer primer set, an inner primer set, and two successive PCRs. An outer primer or primary primer is targeted on a general area of the RNA, followed by the inner primer or nested primer that is targeted on a specific coding region. This approach can reduce the amplification of an unexpected binding site. Although RTPCR is widely utilized and has many advantages, the highly specific primers and probes used in RTPCR can pose a major drawback. It should be noted that there is a possibility of missing unanticipated sites, which may lead to failed amplification.
A molecular-based diagnostics method was recently proposed by Pardee et al., which offers a programmable sensor approach and paper-based detection (Figure 4 ). 64 The detection approach, which is anticipated to take three hours, includes sample collection, RNA extraction, RNA amplification, and toehold reaction steps prior to colorimetric detection. A PCR approach was used to ligate the sensor to a LacZ reporter element. The sensor was embedded in paper, which was subsequently freeze dried. A reaction would occur in the presence of ZIKV trigger RNA, activating the LacZ gene for a colorimetric result. The result was associated with a change in the color of the paper from yellow (from chlorophenol red-β-D-galactopyranoside) to purple (from chlorophenol red). An electronic reader, which contained a 570 nm light emitting diode source, was used to perform twenty-nine readings from each sample; it provided low noise measurements of the color change. Boiling of the virus sample allowed for destruction of the Zika virus capsid and enabled a sufficient amount of RNA to be generated; this approach can be used in low resource envrionments and provides a straightforward alternative to traditional virus extraction. Use of nucleic acid sequence-based amplification (NASBA) with the paper-based system enabled Zika RNA to be distinguished from dengue RNA. NASBA-CRISPR cleavage (NASBACC), exploiting the Cas9 endonuclease enzyme, cleaves DNA if a specific protospacer adjacent motif (PAM) is present ( Figure 5 ) 64 . The clade (i.e., the branch of the viral family tree) that the Zika virus belongs to can be readily distinguished from the colorimetric results that are provided by the NASBACC approach. More recently, Chan et al. described use of magnetic particle (MP) and a consumer-grade 3D printer for Zika virus RNA extraction and purification from Zika virus-spiked urine samples ( Figure 6 ). 65 Their device was shown to perform reverse transcription recombinase polymerase amplification and post-amplification detection (e.g., illumination by a light emitting diode and analysis using a smartphone camera) of [8] [9] [10] [11] [12] urine samples in under 15 minutes. An absence of cross-reactivity with cross-reactivity with chikungunya and dengue was demonstrated using reverse transcription recombinase polymerase amplification assay and RTPCR from the 3D printer-processed urine.
Discussion and Conclusions
In comparing the three types of characterization methods, molecular confirmation is the most widely used However, the specificity of primer and probe should be taken into consideration. A finite mismatch between ZIKV MR766 strain and ZIKA EC 2007 strain led to a failed amplification of Yap island virus during the initial analysis. 1 In addition to patient blood samples, saliva 66 and urine 50 samples were subjected to RTPCR. ZIKV in both samples were detectable with higher loads; use of saliva samples did not increase the duration of detection window. ZIKV can be detected over twenty days after infection from collected urine samples. These two body fluids are useful if blood samples are difficult to collect (e.g., for potentially infected infants around the time of birth). In areas that lack medical facilities, non-invasive detection methods can are beneficial since they allow for collection of samples by patients. However, the onset of infection is sometimes difficult to define. A such, diagnosis with three kinds of samples is recommended.
In regions with concurrent circulation of ZIKV and other flaviviruses, multiple RTPCR can be expensive and time consuming. Due to the low availability of RTPCR equipment and high cost of RTPCR, Pardee et al. 64 proposed a novel technology for molecular detection that enables rapid and low-cost diagnosis. This programmable and paper-based sensor does not require interpretation using laboratory equipment. With NASBA, a result with high sensitivity can be provided even in low resource regions. NASBACC can provide genetic information on the virus. As noted by Meagher et al., reverse transcription recombinase polymerase amplification and reverse transcription loop-mediated isothermal amplification can be used for highly sensitive detection of RNA with crude (minimally-processed) samples such as heat-treated blood. 67 A combination of a liposome-based lateral flow assay and nucleic acid sequence-based amplification or a liposome-based immunoassay may also provide another avenue for rapid detection of Zika virus in clinical samples. 68 Due to the ongoing ZIKV outbreak and the absence of either a vaccine or a curative treatment, a rapid mechanism for diagnosis of Zika virus infection is urgently needed. An inaccurate diagnosis may misguide individuals and may either underestimate or overestimate the incidence of infection in a given region. The cost and availability of various diagnostic methods should also be considered. Viral isolation is time consuming and serological identification may be hampered by cross reactivity with other viruses.
Compared with viral isolation and serological identification, RTPCR provides a rapid and sensitive approach to diagnose Zika virus infection; however, specific primers and probes may fail to provide appropriate amplification. A recently developed programmable and paper-based detection provides a lowcost and rapid detection method. A major challenge with current diagnostic approaches is that infection with another flavivirus (e.g., DENV) may be misdiagnosed as Zika virus infection.
More sensitive and accurate diagnosis methods are needed for faster treatment of affected individuals.
With the development of novel biosensor materials, better detection accuracy, miniaturization of devices, increased stability, and a decrease in cost can be realized. 68, 69 The key features of a biosensor (e.g., low power consumption, short assay time, selectivity, sensitivity, stability, and reproducibility) are primarily determined by the component materials. 68, 69 Use of nanomaterials may enable detection of Zika virus infection with smaller samples. As the analyte and the detector become closer in size, a reduction in nonspecific binding and single molecule detection become possible. 68 Nanoplasmonic sensors may enable group-specific antibodies in rapidly evolving viruses to be detected. 69 It should be noted that conversion of fluids obtained from a blood draw or a urine collection into biosensor samples may complicate use of new biosensor technologies. 69 Developing portable biosensors that are stable for at least six months and stable at high temperatures remains a significant challenge. 
